Difference in Response among Mice of Fifteen Inbred Strains to the Subcutaneous Injection of Methylcholanthrene * by Strong, Leonell C.
DIFFERENCES IN RESPONSE AMONG MICE OF FIFTEEN
INBRED STRAINS TO THE SUBCUTANEOUS
INJECTION OF METHYLCHOLANTHRENE*
LEONELL C. STRONG
In a previous report,' five inbred strains of mice (CBA, C3H, CHI, NH,
and JK) were compared in respect to the induction of tumors by the
subcutaneous injection of methylcholanthrene. The present study is an
extension of that type of experiment and includes all the original inbred
strains of this laboratory.'
PROCEDURE
Whenever possible, at least one hundred mice of each sex of each of the fifteen
strains were used (Table 1). The animals were accumulated slowly and the experi-
ments extended over a period of two years (1942-45). One-tenth cc. of sesame oil
containing 1 mg. of methylcholanthrene was injected into the right flank of all mice
at the age of 60 ± 4 days. As a rule 5 to 8 mice were kept in a box and the sexes were
separated in order to prevent breeding. However, in several instances before the sexes
TABLE 1
NUMBER OF MICE OF THE FIFTEEN STRAINS USED
No. of mice
strain
A
C57
C
CBA
CBAN
CaH
CHI
C12I
F
FC
I
JK
JKL
L
N
Total
female
129
131
129
108
118
105
113
109
97
113
76
118
116
117
106
1685
male
109
108
59
117
127
120
103
121
132
103
97
118
102
131
142
1689
total
238
239
188
225
245
225
216
230
229
216
173
236
218
248
248
3374
* From the Department of Anatomy, Yale University. This experiment was made
possible, in part, by grants from The Anna Fuller Fund and The Jane Coffin Childs
Memorial Fund for Medical Research.
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were finally separated offspring were obtained from the methylcholanthrene-injected
animals and these mice were continued as untreated linest for several generations.
The mice were fed with "Nurishmix" and a supplement of mixed grains (oats,
wheat, and sunflower seeds) and calf meal pellets. Once a week, each group of mice
was also given a small piece (¼/4 slice) of enriched Wonder Bread and fortified milk
to which some cod liver oil had been added (20 cc. / quart of milk). The mice were
examined weekly for tumors beginning with the ninth week following the injection of
the carcinogen. Past experience had demonstrated
that practically no tumors appeared before the six-
tieth day. As soon as a nodule seemed to be a definite
tumor (estimated by the progressive increase in size
90 of a solid nodule, firmly attached to the skin or
CHIC_ -C34 underlying tissues), the mouse was killed and autop-
0 C57 sied. All tumors were fixed in Bouin's fluid and CBA I stained with hematoxylin and eosin. If no tumor
7Q
A appeared, the mice were kept until death occurred, at
FC N C JK which time an autopsy was performed and all patho-
60 logical lesions saved for histological examination.
E
,5. s KL Brief Descriptions of Strainis of Mice
X / 1. A (Strong's albino). The origin of this strain
' 40 / is discussed elsewhere.9'" It is characterized by a
C high rate of spontaneous mammary adenocarcinomas
30 JK in females and also by spontaneous lung adenomas
F\ in both sexes.
20. Genetic markers: aa (non-agouti), bb (brown),
and cc (albino). This strain, originating in 1920, has
so been inbred for 103 generations.
2. C (Strong's C). This strain originated in a
FIG. 1. The ranking of the cross between the A and D (dilute brown) strains in
fifteen strains of mice accord- 1920.'1 The C strain was used as the mother one
ing to the percentage of mice which gave rise to the C8H, CBA, CHI, and C12I
developing chemically induced strains fibrosarcomas-data for the
sexes are separate. Mice of the C strain have been used extensively
for studies on the influence of genetic and hormonal
factors on the origin of double seminal vesicles which they possess,5 and for studies
on the transplantation of a testicular tumor which appeared spontaneously in a male
of this strain.
Genetic markers: bb (brown). This strain has been inbred for 86 generations.
3. CsH-The origin of this strain has been reported previously.8 The mice are
characterized by a high rate of spontaneous mammary adenocarcinomas in both breeder
and virgin females. Hepatomas also occur in both old males and females.
Genetic markers: none. The strain has been inbred for 84 generations.
t One of these lines gave rise to a mutation characterized by dominance. The muta-
tion is characterized by a lightening of hairs when heterozygous and by a lethal
anemia when homozygous (N-strain). Another descent (CHI black agouti) for more
than 75 generations of inbreeding gave rise to three mutations within five generations
-pink eye, piebald, and finally belt (a genetic modification of piebald). Neither the N
nor the CHI strains have ever given rise to a spontaneous mutation during a period of
twenty-five years of inbreeding.
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4. CHI-The origin of these animals from the C strain also has been reported.'2
These mice were used especially by Hooker and Forbes for the bio-assay of proges-
sterone.6
5. C12I-These mice also originated from the C stock.'
Genetic markers: dd (dilution). They have been inbred for 81 generations.
6. CBA-Their origin has been described previously.0'"
The mice were developed by a selection toward longevity: when kept on the old oat
meal diet, they would outlive any other mice in the laboratory (average more than 27
months) and would have an extremely low incidence of spontaneous tumors. At
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FIG. 2. The data on latent periods for chemically induced fibrosarcomas for mice of
fifteen strains (data on sexes shown separately), presented by the quartile method.
Numbers of mice developing fibrosarcomas are on left near the left ends of the lines
which indicate the time of appearance of the first tumors. The 25% and 75%0 values
are indicated by bars and the 50% (median) values are indicated by arrows. The
right ends of the lines indicate the time of appearance of the last tumors.
present, on other diets, the mice have a relatively high incidence of mammary adeno-
carcinomas in females and hepatomas in both sexes.
Genetic markers: none. They have been inbred for 91 generations.
7. C57-The origin from Little is well known.
Genetic markers: aa (non-agouti). They have been inbred for 28 generations since
they were established in the present laboratory.
8. F-The origin has been reported previously.1 They develop a high incidence of
spontaneous lymphatic and myelogenous leukemias. They have been used especially for
the study of leukemia by Kirschbaum.7 These mice are also characterized by small
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Genetic markers: aa, bb, chcCeh and ss (low-grade piebald, in most cases only a
white face). They have been inbred for 75 generations.
9. I-This is one of the original inbred strains reported previously.'
Genetic markers: pp (pink eye) aa, bb, dd, and ss. This strain has been inbred for
63 generations.
The mice are characterized by a high incidence of spontaneous adenomatous hyper-
plasia of the gastric mucosa. However, the incidence of spontaneous tumors is
extremely low. The animals breed well at all times of the year.
STRAIN NO.
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FIG. 3. The data for female mice of the fifteen strains on latent periods for chemically
induced fibrosarcomas and time of death of mice which did not develop tumors. The
strain, number of mice in each group, the decile, quartile, and median points are indi-
cated. The shaded area includes data between the 25% and 75%o values. Percent of
local fibrosarcoma incidence is given on the right. Latent period in days after injection
to time of death of mice without local tumors is given on the base line. The brackets
indicate 3 P.E. for strains A, JK, and I. CD determinations are .58 for C3H; .86
for CBA; .74 for N; and .31 for I.
10. JK-The origin of this strain was reported previously."2 The males, and the
females while nursing, are extremely pugnacious. Except for an occasional lung
adenoma the mice seldom develop spontaneous tumors of any kind.
Genetic markers: aa, bb, pp, sese (short ear). The strain has been inbred for 78
generations.
11. L-Origin has been reported by Strong."2 These mice have very few spontaneous
tumors. They have a high incidence of opacity of the lens. They breed well during
most of the year but occasionally or seasonally they breed poorly.
Genetic markers: AWAw, cchcch. They have been inbred for 65 generations.
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12. N-The origin has been reported previously.'2 The mice develop no spontaneous
tumors. They are small in size and breed well for two or three litters. Later sterility is
associated with polycystic ovaries.
Genetic markers: aa, bb, dd, pp, ss. They have been inbred for 64 generations.
13. CBAN-This strain was derived from a cross of a CBA female with a male of
the N strain. The generations of inbreeding here used were F24-F30.
Genetic markers: aa, ss.
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FIG. 4. The data for male mice of the fifteen strains on latent periods for chemically
induced fibrosarcomas and time of death of mice which did not develop tumors.
Strain, number of mice, earliest appearance of tumor, deciles, quartiles, medians, latest
appearance of tumors and percent of tumors are indicated. The brackets indicate
+- 3 P.E. for C3H, C12I, CBA, CBAN, and F strains. Latent period in days after
injection to time of death of mice without local tumors is given on the base line. CD
values are CHI .24; C3H .18; C12I .15; FC .87; CBAN .62; and F .35.
14. FC-These animals were derived from a cross of an F female and a male of the
C67 strain. The generations used here were Fio-F12.
Genetic markers: aa, bb, cclice1C.
15. JKL-This strain was derived from a cross of a JK female with an L male.
The generations here used were F1o-F12.
Genetic markers: AWAw.
STATISTICAL METHODS
Distributions of latent periods or age at development of induced tumors
or death without tumors were generally skewed. Consequently a percentile
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analysis, with median, quartiles and deciles is more revealing than the use
of means and standard deviations, etc. The distributions are given
graphically.
To test the significance of differences between medians, the probable
error is calculated from the formula
P.E. -,- average deviation of quartiles from median
medium V n
This method has been used for the analysis of biological variability by
Dahlberg,' Hollander,' and others. A measurement of dispersion was ob-
tained as a coefficient, from the formula C.D. v. ev. of quare ' ~~~~~~median
Incidences of induced tumors are based on total population of each sex
of a strain, with the deduction of mice dying before the end of a minimum
latent period (60 days after injection). This early mortality is ordinarily
negligible, except in males of the C strain.
There was unavoidably some mortality at various ages, due to accident,
illness, and other factors. In four strains, early mortality was high, particu-
larly in males. In strains C, F, and I it is impossible to say whether the
cause of death was the treatment with methylcholanthrene or simply natural
weakness. In strain JK the early mortality of males seemed to be rather a
matter of pugnacity-fighting resulting in many deaths (see chart 5).
The incidence of induced tumors is shown in Figure 1. In general, the
percentage is lower in females than in males, with the notable exception of
strain JK. As noted above, there was a high mortality of JK males at early
ages; this fact may account for the unusual incidence of tumors in females
of this strain.
The data for latent periods are presented, in two ways, as follows:
(i) The distribution of mice, with sexes shown separately, which developed
tumors (fibrosarcomas) at the site of the injection of methylcholanthrene is
given in Figure 2. (ii) The distribution of all mice injected with methyl-
cholanthrene, irrespective of whether they developed a fibrosarcoma or
died of some other cause is given in Figure 3 (females) and Figure 4
(males).
A ranking of the strains by median latent period (Fig. 5) gives us the
following information: In every strain (except F based on data on all mice
injected), the median latent period of the females exceeds that of the males.
The sex differences vary from small in A and L to very great in CHI, I,
and N. These differences are on the whole statistically significant (notably
CHI where mortality is no problem). Furthermore, the general position of
a strain in the ranking (short, medium, or long) is similar for both sexes,
in spite of the sex differences.
Coefficients of dispersion are generally greater for females than for males,
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but also greater for strains in the medium and long ranks, regardless of sex.
If we omit all mice without induced tumors, the ranking is still very much
the same for median latent periods, although the numbers involved are in
some cases small (Fig. 2).
The data are further analyzed for the rate at which the chemically induced
fibrosarcomas appeared in the different strains following the subcutaneous
injection of methylcholanthrene.
sive age periods expressed
in days (females on Fig. 6;
males on Fig. 7).
DISCUSSION
The characteristic differ-
ences between mice of in-
bred strains brought out in
this experiment may be at-
tributable entirely to genetic *
constitutional peculiarities. ,
However, there is little as-
surance that this is the com-
plete answer. Let us con-
sider some of the difficulties
involved in such an interpre-
tation, and, suggest other
points of view.
First, the dose of carcino-
gen was the same for all the
mice. But the dose per gram
of body weight was not the fe ir
same. In spite of uniform b
age, body weight varies of
P4 considerably, even within fii
pure strains, and there is
Here the data are cumulative for succes-
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FIG. 5. Correlation table between males and
emales of fifteen strains of mice for chemically
nduced fibrosarcomas. Percentage of mortality
tefore one year of age (300 days after injection
,fmethylcholanthrene) is given on the base line,
,er cent of induced fibrosarcomas on the vertical
ine.
some difference between sexes. Thus the smaller mice-notably in strains F,
I, and N, and, in general, females-received proportionately heavier doses.
Since body weight records were not obtained, this facet of the problem can-
not be evaluated. But body weight and dosage have been shown to be
important variables in other tests (Dunning, Curtis, and Eisen3; Strong,
unpublished).
Another unlooked-for difficulty is the fact that not all strains were
injected at the same time; and even in a given strain, it sometimes required
many months or even a couple of years to obtain the required number of
mice. Whether there is a seasonal variation of susceptibility or variation due
to temporal factors of unknown sort, cannot be determined from the data
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available. The possibility of the existence of such a seasonal variation, how-
ever, seems unlikely because all mice were kept in an air-conditioned
(temperature and humidity controlled) laboratory for the entire time.
Incidence of induced tumors may be considered a useful criterion of the
sensitivity of a strain to the carcinogen. However, it was shown by Dunning
et al. that in rats' the parallel relation between dosage and incidence of
tumors is upset when high doses of the carcinogen are used, since toxic
effects resulted in increased mortality. Something of this sort may explain
the results with mice of strains N, I, and F; thus, in spite of a low incidence
of tumors and a long median latent period, I-strain males had a 68%7o mor-
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FIG. 6. Data on incidence of fibrosarcoma for female mice of fifteen strains. Average
latent periods are given on base line, percentage of mice with induced tumors on verti-
cal line. Data in successive age groups are cumulative; 25%, 50%, and 75% levels are
indicated by horizontal lines.
tality before the age of one year (Fig. 5). These mice may seem resistant to
carcinogenesis, but may actually be overwhelmed by the toxicity of the
drug.
Mortality is therefore a serious problem which has not yet been controlled
adequately. Mortality rates, and, correspondingly, rates for the incidence of
tumors for CHI and JK strains in the experiment of Burdette and Strong
were considerably different from those in the present study!
But within a group having a very low mortality before the age of one
year, there still is a pronounced inverse correlation of median latent period
with incidence of tumors. These two criteria then seem to be different
aspects of the same type of sensitivity to the carcinogen.
It is interesting to note the increasing dispersion when measured by the
coefficient of dispersion, as the median latent period increases (see data on
Figs. 2 and 3).
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The significance of sex differences in sensitivity to the carcinogen seems
undeniable. In most cases, and especially in strain CHI, the females are
less sensitive than the male, as judged either by incidence or by median
latent period. Only one strain (JK) is markedly exceptional. Here again
the mortality complicates the picture. Since in general females are not as
heavy as males, the difference shown by most strains in sensitivity is the
opposite of what one might expect. Perhaps male hormone promotes the
carcinogen's action, or female hormone inhibits it.
No consistent relation of any single marker gene to the results obtained
seems evident with the exception of s (piebald). The only strains with this
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FIG 7 Data on incidence of fibrosarcomas for male mice of fifteen strains. Average
latent periods are given on base line, percentage of mice with fibrosarcomas on vertical
line. Data in successive age groups are cumulative: 25%, 50%, and 75% levels are
indicated by horizontal lines.
gene are F, I, N, and CBAN. All are in the range of lower incidence.
Strong noted that a mutation at the p locus has had no apparent effect on
induction of tumors in another strain (the Brp). It is possible that the
combination of several mutant genes may be as effective as any single one
in influencing susceptibility to tumors induced by methylcholanthrene.
Strain crosses-CBAN, FC, JKL-tend to be intermediate, as a rule,
between the parental types but occasionally (JKL , CBAN upo) exceed
the parent in median latent period, and have a slightly lower incidence of
induced tumors. Inherited tendencies are present, obviously, but since these
crosses are later F generations, we cannot expect any rule to apply.
The present investigation is intended to serve, not as a genetic analysis
of susceptibility to the chemically induced tumor, but for the determination
of the biological constants associated with the induced tumor upon which a
further genetic analysis for the effect of specific genes on carcinogenesis can
be made possible.
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SUMMARY
One mg. of methylcholanthrene in 0.1 cc. of sesame oil has been injected
subcutaneously into 3374 mice (1685 females ; 1689 males) of fifteen
inbred strains at 60 days of age. The mice of the different strains possessed
different combinations of genetic markers-from wild type (C3H, CBA,
and CHI) to five recessives of the I-strain (ppddbbaass). They developed
fibrosarcomas at the site of injection of the carcinogen at different rates.
Sex was an important factor in the induction of this neoplasm. The gene s
(piebald) was characteristic of all strains with relative resistance to fibro-
sarcomas. These are the F, CBAN, N, and I. A complete genetic interpre-
tation of susceptibility and resistance to chemically induced fibrosarcomas is
complicated by two variables. These are (i) body weight, and (ii) toxicity
to the carcinogen. There is a correlation between the coefficient of dispersion
and the median latent period for the appearance of the tumors. This co-
efficient is greater in females than in males. The strains (data for males)
can be classified according to susceptibility to chemically induced fibro-
sarcomas in the following sequence: CHI, C3H, C12I, L, C, A, C57, CBA,
JK, FC, JKL, N, I, CBAN, and F.
Two descents were continued from mice injected with methylcholanthrene
(N and CHI). These mice gave rise to four mutations. The controls for N
and CHI have never given rise to a spontaneous mutation during a period
of twenty-five years. Following the appearance of these mutations within
five generations of the injection of methylcholanthrene, no more mutations
were found. Thus their appearance is associated with the injection of
methylcholanthrene and cannot be due to "genic instability."
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